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(57) ABSTRACT

A vibration device includes a semiconductor device, a first
electrode and a second electrode located in a first surface of
the semiconductor device, a vibration element, a third elec-
trode and a fourth electrode located in a first surface of the
vibration element, a first connection section that connects the
first electrode and the third electrode, and a second connec-
tion section that connects the second electrode and the fourth
electrode. The semiconductor device and the vibration ele-
ment have mutually different thermal expansion coefficients.
The vibration element has a coupling section located between
the third electrode and the fourth electrode, and the coupling
section has at least one bend section located between the third
electrode and the fourth electrode.

6 Claims, 3 Drawing Sheets
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1
VIBRATION DEVICE

BACKGROUND

1. Technical Field

The present invention related to vibration devices claims a
priority based on Japanese Patent Application No. 2012-
69221 filed on Mar. 26, 2012, the contents of which are
incorporated herein by reference.

2. Related Art

As one example of vibration devices (sensors) that use a
piezoelectric element, a vibration device that uses a vibration
element as a sensor element is known. JP-A-2011-179941
describes a vibration device having a drive circuit element
with electrodes provided thereon to drive a vibration element.
The vibration device is configured in a manner that the elec-
trodes on the drive circuit element and electrodes provided on
the vibration element are connected with one another, and the
vibration element is arranged superposed on the drive circuit
element.

However, because the thermal expansion coefficient (ex-
pansion coefficient and contraction coefficient) of the driving
circuit element is different from that of the vibration element
arranged superposed on the driving circuit element, there is a
possibility that force may be applied to the connection part
between the driving circuit element and the vibration element
due to changes in temperature of the vibration device and
changes in ambient temperature of the vibration device, and
the connection part might be damaged.

SUMMARY

The invention has been made to solve at least a part of the
problem described above, and can be realized by embodi-
ments or application examples to be described below.

Application Example 1

In accordance with Application Example 1 of the inven-
tion, a vibration device has a semiconductor device, a first
electrode and a second electrode located in a first surface of
the semiconductor device, a vibration element, a third elec-
trode and a fourth electrode located in a first surface of the
vibration element, a first connection section that connects the
first electrode and the third electrode, and a second connec-
tion section that connects the second electrode and the fourth
electrode. The thermal expansion coefficient of the semicon-
ductor device and the thermal expansion coefficient of the
vibration element are different from each other. The vibration
element has a coupling section located between the third
electrode and the fourth electrode, and the coupling section
has at least one bend located between the third electrode and
the fourth electrode.

In such a vibration device, the semiconductor device and
the vibration element have different thermal expansion coef-
ficients to temperature change because of the difference in the
base materials with which they are formed. According to the
vibration device of the present application example, stress
that is generated in the first connection section and the second
connection section when the semiconductor device and the
vibration element thermally expand due to changes in tem-
perature can be absorbed by the bend in the coupling section
that is located in the vibration element. As a result, damage to
the first connection section and the second connection section
that connect the semiconductor device and the vibration ele-
ment can be suppressed.
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Moreover, because the vibration device has the coupling
section having the bend between the third electrode and the
fourth electrode located in the vibration element connected
with the semiconductor device through the first connection
section and the second connection section, the stress caused
between the third electrode and the fourth electrode can be
absorbed by the bend provided in the coupling section. As a
result, stress in the vibration element that may be generated
when it thermally expands due to change in temperature, etc.
can be absorbed by the coupling section, such that damage to
the vibration element can be suppressed.

Therefore, according to the vibration device of the appli-
cation example, it is possible to suppress damage to the vibra-
tion element and the first connection section and the second
connection section by which the vibration element and the
semiconductor device are connected together, which may be
caused by changes in temperature, and therefore changes in
ambient temperature for which the vibration device is used
can be more readily accommodated, and the reliability can be
improved.

Application Example 2

The vibration device in accordance with an aspect of the
application example described above may preferably be pro-
vided with a first protruded electrode located between the first
electrode and the third electrode, and a second protruded
electrode located between the second electrode and the fourth
electrode.

According to the vibration device describe above, a space
is created between the semiconductor device and the vibra-
tion element, because the semiconductor device and the
vibration element are connected together through the first
protruded electrode and the second protruded electrode, and
an integrated circuit, etc. that drives the vibration element can
be arranged in the space. As a result, the vibration element can
be arranged superposed over the semiconductor device, and
thus the vibration device can be reduced in size. Moreover,
according the vibration device of the application example, the
space is created between the semiconductor device and the
vibration element, and the space allows some deformation
that may be generated when the semiconductor device and the
vibration element thermally expand.

Application Example 3

In the vibration device in accordance with an aspect of the
application example described above, the vibration element
may preferably be provided with a vibration section, a base
section connected with the vibration section, a support sec-
tion where the third electrode to be connected with a beam
section extending from the base is located, and a fixed section
that connects to the support section through the coupling
section, and where the fourth electrode is located. In an
aspect, at least one bend is provided in a coupling section that
connects the support section and the fixed section.

Application Example 4

In the vibration device in accordance with an aspect of the
application example described above, the third electrode and
the fourth electrode may preferably be arranged next to each
other in the vibration element.

In the vibration device, the semiconductor device and the
vibration element have different thermal expansion coeffi-
cients to temperature change because of the difference in the
base materials with which they are formed. According to the
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vibration device of the present application example, stress
that is generated in the first connection section and the second
connection section when the vibration element and the semi-
conductor device thermally expand due to changes in tem-
perature can be absorbed by the bend in the coupling section
that is located the vibration element. As a result, damage to
the first connection section and the second connection section
that connect the semiconductor device and the vibration ele-
ment can be suppressed.

Furthermore, according to the vibration device, the support
section where the third electrode is provided and the beam is
connected and the fixed section where the fourth electrode is
provided and the vibration element is fixed are arranged adja-
cent to each other, and connected together through the cou-
pling section having the bend, whereby stress generated
between the support section and the fixed section can be
absorbed by the bend provided in the coupling section. As a
result, stress generated in the vibration element generated due
to thermal expansion caused by change in temperature, etc.
can be absorbed by the coupling section, and damage to the
vibration element can be suppressed.

Also, because the support section where the beam is con-
nected and the fixed section where the vibration element is
fixed are connected together through the coupling section
having the bend, leaking of vibration of the vibration section
from the support section to the fixed section, and propagation
of vibration from the fixed section to the vibration section
through the support section can be suppressed, and error
detection of acceleration and angular velocity can be sup-
pressed.

Therefore, according to the vibration device of the present
application example, damage to the vibration element and the
first connection section and the second connection section
where the semiconductor device and the vibration element are
connected, which may be caused by changes in temperature,
can be suppressed, leakage of vibration from the vibration
section and propagation of vibration from the outside can be
suppressed, and the reliability in detection of acceleration,
angular velocity, etc. can be improved.

Application Example 5

In the vibration device in accordance with the application
example described above, the coupling section may have the
bend in a plan view of the vibration element, in other words,
in a plane transverse to a thickness direction of the vibration
element.

Application Example 6

In the vibration device in accordance with the application
example described above, the coupling section may have the
bend in a thickness direction of the vibration element.

According to the vibration device described above, the
bend in the coupling section is provided in a thickness direc-
tion or in a plan view of the vibration element, whereby
damage to the first connection section and the second con-
nection section between the semiconductor device and the
vibration element, and dame to the vibration element can be
suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic views of a vibration device
in accordance with a first embodiment of the invention.
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FIGS. 2A, 2B and 2C are schematic diagrams showing
movements of a vibration element composing the vibration
device of the first embodiment.

FIGS. 3A and 3B are schematic views of a vibration device
in accordance with a second embodiment of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of the invention will be described with ref-
erence to the accompanying drawings. In each of the draw-
ings, the size and the ratio of each component may be illus-
trated different from those of an actual component as needed,
so that each of the components assumes the size to the extent
that they can be recognized on the drawings. Moreover, an
XYZ orthogonal coordinate system is set in each of the draw-
ings, and the relative position of each component will be
described referring to the XYZ orthogonal coordinate sys-
tem. A predetermined direction in a vertical plane is assumed
to be an X-axis direction, a direction orthogonal to the X axis
direction in the vertical plane is assumed to be a Y-axis direc-
tion, and a direction perpendicular to both of the X-axis
direction and the Y-axis direction is assumed to be a Z-axis
direction. Also, when the direction of gravity is set as refer-
ence, the direction of gravity is assumed to be a downward
direction and its opposite direction is assumed to be an
upward direction.

A vibration device of the present embodiment is a sensor
equipped with a vibration element for detecting acceleration
and angular velocity. The vibration device includes a semi-
conductor device where a drive circuit element is located. For
reducing the size of the vibration device, the vibration ele-
ment is provided superposed over a first surface that is an
active surface of the semiconductor device. The vibration
device in accordance with an embodiment of the invention is
described below.

First Embodiment

FIGS. 1A and 1B show a vibration device 1 in accordance
with the embodiment. FIG. 1A is a view schematically show-
ing the configuration of the vibration device 1, and is a plan
view of the vibration device 1. FIG. 1B is a side view in which
the vibration device 1 in FIG. 1A is seen in the Y-axis direc-
tion. For convenience of description, a lid 64 on a package 60
that contains a semiconductor device 10 and a vibration ele-
ment 20 is omitted in FIG. 1A, and a side surface 61 of the
package 60 is also omitted in FIG. 1B.

A vibration device 1 of the embodiment has a semiconduc-
tor device 10, a vibration element 20, and a package 60 where
the semiconductor device 10 and the vibration element 20 are
contained. As shown in FIGS. 1A and 1B, the vibration ele-
ment 20 is arranged in a manner to be superposed over an
active surface 10q that is a first surface of the semiconductor
device 10.

The vibration element 20 of the embodiment is formed
from quartz crystal that is a piezoelectric material as a base
material (a material that composes the main portion thereof).
Quartz crystal has X axis that is called an electric axis, Y axis
that is called a mechanical axis, and Z axis that is called an
optical axis. The vibration element 20 is cut out along a plane
defined by the X axis and the Y axis orthogonal to each other
in the crystal axis of the quartz crystal, is processed into a
plate shape, and has a predetermined thickness in the Z axis
direction orthogonal to the plane. The predetermined thick-
ness is suitably set depending on the oscillation frequency
(resonance frequency), the external size, the processability,
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etc. Though the vibration element 20 of the embodiment uses
quartz crystal, other piezoelectric materials (for instance,
lithium tantalate, lead zirconate titanate, etc.) may be used as
the base material.

The vibration element 20 is formed by etching using pho-
tolithography technique (wet etching or dry etching).

As shown in FIGS. 1A and 1B, the vibration element 20 is
arranged in a manner to be superposed over the semiconduc-
tor device 10 on the side of the active surface 10a of the
semiconductor device 10, as seen in a plan view (in the Z-axis
direction) as described above. Note that a surface of the
vibration element 20 where third electrodes 13 and fourth
electrodes 14 to be connected with first electrodes 11 and
second electrodes 12 of the semiconductor device 10 to be
described later is referred to as a main surface 20a, which is
the first surface of the vibration element 20. On the other
hand, the other surface opposite to the main surface 20q is
referred to as a sub-surface 205.

In the vibration element 20, the third electrodes 13 and the
fourth electrodes 14 are provided in the main surface 20a of
the vibration element 20 arranged opposite the active surface
104 of the semiconductor device 10. The third electrodes 13
are provided on support sections 48a and 485, and connected
to the first electrodes 11 of the semiconductor device 10
through first connection sections 11a. The fourth electrodes
14 are provided on fixed sections 50a and 505, and are con-
nected to the second electrodes 12 of the semiconductor
device 1 through second connection sections 12a.

The vibration element 20 of the embodiment has a configu-
ration called a double-T type. The vibration element 20 has a
base 21 located in the center part thereof, a pair of vibration
arms for detection 22a and 225 as vibration sections that
extend along the Y axis from the base 21, and a pair of
coupling arms 23a and 234 that extend from the base section
21 along the X axis, orthogonal to the vibration arms for
detection 22a and 22b. Also, the vibration element 20 is
equipped with a pair of vibration arms for driving 24a and 245
and a pair of vibration arms for driving 254 and 255 as driving
sections that extend along the Y axis from the tip side of the
coupling arms 23a and 235, respectively, in parallel with the
vibration arms for detection 22a and 2254. Further, the vibra-
tion element 20 is equipped with a plurality of beam sections
47 extending along the Y axis from the base section 21, and
two support sections 48a and 485 extending from the beam
sections 47. Moreover, the vibration element 20 is equipped
with coupling sections 49a and 495 between the support
sections 48a and 485b, and the fixed sections 50a and 505. The
support sections 48a and 48 are connected with the fixed
sections 50a and 505 through the coupling sections 49a and
495.

Bend sections 497 (in S-letter shape, for example) are pro-
vided in the coupling sections 49a and 4956 as seen in a
direction in which the vibration element 20 is viewed in a plan
view in the Z axis direction. The bend sections 497 that consist
of gaps are formed in the base material forming the vibration
element 20 in the coupling sections 49a and 495, whereby the
movability is secured between the support part 48a and 485
and the fixed sections 50a. In other words, the bends 49~
provide gaps in a direction in which the Z axis extends.
Moreover, the bends 497 are formed by etching using a pho-
tolithography technique (wet etching or dry etching), similar
to the formation of the vibration element 20. Note that the
number of the bends 497 provided in the coupling sections is
not limited to two as illustrated, but may be suitably decided.

A detection vibration system, that detects acceleration,
angular velocity, etc. with the vibration arms for detection
22a and 22b, is formed in the vibration element 20. Also, a
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drive vibration system, that drives the vibration element 20, is
formed with the coupling arms 23a and 235, and the vibration
arms for driving 24a, 245, 25a, and 2564.

The vibration element 20 is also provided with weight
sections 26a and 265 each having a wider section correspond-
ing to the tip section of each of the vibration arms for detec-
tion 22 and 2254. Similarly, weight sections 27a, 275, 28a
and 285 each having a wider section at the tip of each of the
respective vibration arms for driving 24a, 245, 25a and 25b
are formed. Weight electrodes 41 as mass adjusting sections
are formed on the surface of the respective weight sections
26a, 26b, 27a, 27b, 28a and 28b. The weight electrodes 41
formed on the weight sections 26a, 26b, 27a, 275, 28a and
28b are used for adjusting the frequency of the vibration
element 20.

The semiconductor device 10 shown in FIG. 1 has an active
surface 10a where an integrated circuit (not shown) equipped
with electronic parts such as transistors, diodes and the like,
and circuit wirings is provided. The integrated circuit formed
on this active surface 10a includes a drive circuit element to
vibrate and drive the vibration element 20 and a detection
circuit element that detects detected vibration caused in the
vibration element 20 when acceleration, angular velocity, etc.
are applied. For example, when the vibration element 20 is
formed from quartz crystal as the base material, the semicon-
ductor device 10 may be formed from silicon (Si) as the base
material. More specifically, on the side where the electronic
parts are formed on the silicon substrate that is composed of
silicon, the semiconductor device 10 including circuit wirings
connected to the electronic parts and multiple layers of
dielectric films laminated between the circuit wirings may be
formed. Note that the thermal expansion coefficient of the
semiconductor device 10 is different from the thermal expan-
sion coefficient of the vibration element 20.

The semiconductor device 10 is provided with the first
electrodes 11 and the second electrodes 12 arranged on the
side of the active surface 10a. The first electrodes 11 and the
second electrodes 12 are conductively connected to the inte-
grated circuit arranged on the semiconductor device 10.
Moreover, connection terminals 15 are provided on the semi-
conductor device 10. The connection terminals 15 are con-
nected through wirings 45 to external wiring electrodes 65
disposed on the package 60 in which the vibration element 20
is contained.

First connection sections 11a are provided on the first
electrodes 11, as shown in FIGS. 1A and 1B. The first con-
nection sections 11a define first protruded electrodes formed
from gold (Au) stud bumps, for example. The first connection
sections 11a can be formed with other electroconductive
materials, such as, copper, aluminum, solder balls, etc.
besides the gold stud bumps. Also, the first connection sec-
tions 11a can be formed with electroconductive adhesive that
mixes electroconductive filler, such as, silver powder, copper
powder, etc. and synthetic resin, etc. Note that second con-
nection sections 12a formed of second protruded electrodes
made of gold stud bumps or the like, and electroconductive
adhesive are formed on the second electrodes 12 in a similar
manner as the first electrodes 11.

In such a composition, the vibration element 20 is electri-
cally connected to the integrated circuit formed on the semi-
conductor device 10 through the first electrodes 11, the sec-
ond electrodes 12, the first connection sections 11a and the
second connection sections 12a. Moreover, as a result of the
first protruded electrodes and the second protruded electrodes
being provided, a space can be secured between the semicon-
ductor device 10 and the vibration element 20, and the inte-
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grated circuit, etc. that drives the vibration element 20 can be
provided on the active surface 10a.

Connection terminals 15 are connected by wirings 45 that
are connection members such as bonding wires made of metal
such as for example gold (Au), aluminum (Al), etc. to the
external wiring electrodes 65 provided on the package 60.
Moreover, other electrodes (not shown in the figure) besides
the first electrodes 11 and the second electrodes 12 are pro-
vided on the integrated circuit arranged in the semiconductor
device 10. These other electrodes are connected with wirings
not shown in the figure, and connected with the connection
terminals 15 through these wirings. Note that the present
embodiment example has been described, referring to the
composition that uses the wirings 45 such as bonding wires to
connect the connection terminals 15 and the external wiring
electrodes 65. However, a flexible wiring substrate (FPC:
Flexible Printed Circuits) may be used for connection (wir-
ing) instead of the wirings 45.

An insulation surface 106 of the semiconductor device 10
on the opposite side of the active surface 10a is bonded
(connected) to a bottom 62 of the package 60 with a connec-
tion member such as adhesives not shown in the figure. The
package 60 is formed with a nonconductive material, such as,
for example, ceramics, and external wiring electrodes 65 are
provided on the bottom 62 to be connected with the semicon-
ductor device 10. The external wiring electrodes 65 are con-
nected to the connection terminals 15 by the wirings 45
formed on the semiconductor device 10, as described above.

Note that the package 60 has side surfaces 61 (sidewalls) at
its periphery, and has a concave accommodation space 63 in
the center section thereof. The semiconductor device 10 and
the vibration element 20 accommodated in the package 60 are
sealed airtight by the lid 64.

Operation of Vibration Device

The operation of the vibration element 20 of the vibration
device 1 will be described below. FIGS. 2A-2C are schematic
plan views showing the operation of the vibration element 20
that composes the vibration device 1. FIG. 2 A shows a state of
drive vibration, and FIGS. 2B and 2C show states of detected
vibration when acceleration, angular velocity, etc. are
applied. In FIGS. 2A-2C, the vibration arms are shown by
lines, and illustration of the beams 47, the support sections
48a and 485, the connection sections 49a and 495, the fixed
sections 50a and 505 is omitted, for simply representing the
states of vibration.

Referring to FIG. 2A, the state of driving vibration of the
vibration element 20 is explained. First, when a drive signal is
impressed to the vibration element 20 from the integrated
circuit (a drive circuit) provided in the semiconductor device
10, flexural vibration is generated in the vibration arms for
driving 24a, 24b, 25a and 25b in directions indicated by
arrows E, in a state where no acceleration or angular velocity
is given to the vibration element 20. The flexural vibration
repeats a vibration state shown by a solid line and a vibration
state shown by a two-dot-and-dash line with a predetermined
frequency (cycle).

Next, while the driving vibration is occurring, if an angular
velocity w around the Z axis is applied to the vibration ele-
ment 20, the vibration element 20 vibrates as the vibration
arms for driving 24a, 245, 25a and 25b flex in a manner
shown in FIG. 2B and FIG. 2C. First, as shown in FIG. 2B, the
Coriolis force in the direction of arrows B acts on the vibra-
tion arms for driving 24a, 245, 254 and 255, and the coupling
arms 23a and 235, which compose the driving vibration sys-
tem. At the same time, the vibration arms for detection 22a
and 225 flex (deform) in the direction of arrows C in response
to the Coriolis force.
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Then, a returning force in the direction of arrows B' act on
the vibration arms for driving 24a, 24b, 25a and 255, and the
coupling arms 23a and 235, as shown in FIG. 2C. At the same
time, the vibration arms for detection 22a and 225 flex (de-
form) in the direction of arrows C' in response to the force.
New vibration is excited in the vibration element 20 as it
alternately repeats a series of these motions. Note that the
vibration in the direction of arrows D and D' is vibration in a
circumferential direction about the center of gravity G. Then,
the vibration device 1 detects, with a detection electrode (not
shown in FIG. 1) provided on the vibration arms for detection
22a and 22b, the distortion of the quartz crystal (a piezoelec-
tric material), that is the base material of the vibration element
20, generated by the vibration, and obtains an angular veloc-
ity.

The following effect can be obtained by the first embodi-
ment described above. According to the vibration device 1,
the support sections 48a and 485 where the third electrodes 13
are provided and the fixed sections 50a and 505 where the
fourth electrodes 14 are provided are arranged next to one
another, and connected through the coupling sections 494 and
49) having the bend sections 497. Moreover, the semiconduc-
tor device 10 and the vibration element 20 to be connected
have different coefficients of thermal expansion to tempera-
ture change because these elements are formed from different
base materials. As a result, when the semiconductor device 10
and the vibration element 20 thermally expand due to tem-
perature changes, the vibration device 1 can absorb stress
generated at the first connection sections 11a and the second
connection sections 126 by flexing the bend sections 49~
provided in the coupling sections 49 located in the vibration
element 20. Therefore, damage to the first connection sec-
tions 11a and the second connection sections 125 where the
semiconductor device 10 and the vibration element 20 are
connected can be suppressed.

Moreover, as a result, the vibration device 1 can absorb
stress caused between the support sections 48a and 485 and
the fixed sections 50a and 505 of the vibration element 20 by
flexing the bend sections 497 provided in the coupling sec-
tions 49a and 49b. Therefore, stress generated when the
vibration element 20 thermally expands (expands or con-
tracts) due to changes in the temperature or the like can be
absorbed by the coupling sections 49a and 495, and damage
to the vibration element 20 can be suppressed.

Also, according to the vibration device 1, the semiconduc-
tor device 10 and the vibration element 20 are joined together
through the first protruded electrodes as the first connection
sections 11a and the second protruded electrodes as the sec-
ond connection sections 12a, such that a space is created
between the semiconductor device 10 and the vibration ele-
ment 20, and the drive circuit element and the like for driving
the vibration element 20 can be accommodated in the space.
As aresult, in the vibration device 1, the vibration element 20
can be provided in a manner superposed over the semicon-
ductor device 10, and thus the vibration device 1 can be
miniaturized.

Moreover, the vibration device 1 is provided with a space
between the semiconductor device 10 and the vibration ele-
ment 20, such that the space can allow some deformation
generated when the semiconductor device 10 and the vibra-
tion element 20 have thermal expansion. As a result, when the
semiconductor device 10 and the vibration element 20 ther-
mally expand due to changes in temperature, the vibration
device 1 can control damage that may be caused by interfer-
ence between the semiconductor device 10 and the vibration
element 20.
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Also, in the vibration device 1, because the support sec-
tions 48a and 485 and the fixed sections 50a and 505 are
connected together through the coupling sections 49a and
495, leaking of vibration from the vibration section to the
fixed sections 50a and 505 through the beam sections 47 can
be suppressed. As a result, error detection of acceleration and
angular velocity applied to the vibration device 1 can be
controlled. Therefore, by the vibration device 1, reliability in
detecting acceleration and angular velocity can be improved.

Second Embodiment

A vibration device in accordance with a second embodi-
ment of the invention will be described. A vibration device 2
of'the present embodiment is shown in FIGS. 3A and 3B. FIG.
3A is a view schematically showing the configuration of the
vibration device 2, and is a plan view of the vibration device
2. FIG. 3B is a side view in which the vibration device 2 is
seen in the Y-axis direction. For convenience of description, a
lid 64 on a package 60 is omitted in FIG. 3A, and a side
surface 61 of the package 60 is also omitted in FIG. 3B. Note
that the vibration device 2 of the present embodiment is
different from the vibration device 1 of the first embodiment
described above in that bend sections 49ra and 4975 in the
coupling sections 494 and 495 have a different shape. Other
parts of the configuration are similar to the first embodiment,
and therefore they are appended with similar reference
numerals, and their description may be omitted or briefly
made.

The vibration device 2 of the present embodiment is
equipped with a semiconductor device 10, a vibration ele-
ment 20, and a package 60 in which the semiconductor device
1 and the vibration element 20 are contained. As shown in
FIGS. 3A and 3B, the vibration element 20 is arranged in a
manner to be superposed over an active surface 10a that is a
first surface of the semiconductor device 10.

The vibration element 20 is formed from quartz crystal as
a base material, similarly to the vibration device 1, and is
equipped with a base section 21, vibration arms for detection
22a and 225 as vibration sections, coupling arms 23a and 235,
and vibration arms for driving 44a, 24b, 254 and 255. More-
over, the vibration element 20 has beam sections 47, support
sections 48a and 485, coupling sections 49a and 495, and
fixed sections 50a and 505.

The vibration element 20 of the vibration device 2 is dif-
ferent from the vibration element 20 of the vibration device 1
of the first embodiment described above in that the shape of
the bend sections 49ra and 4975 in the coupling sections 49 of
the vibration element 20 is different from those of the first
embodiment.

The coupling sections 49a and 495 are provided with the
bend sections 49ra and 4976 (in an L-letter shape, for
example) as seen in a direction in which the vibration element
20 is viewed from the side in the Y axis direction (the thick-
ness direction of the vibration element 20). The coupling
sections 49a and 495 are formed with the bend sections 49ra
and 49rb, which define gaps in the base material composing
the vibration element 20, whereby the movability between the
support sections 484 and 4856 and the fixed section 50a and
505 is secured. In other words, the bend sections 49ra and
49rb defining gaps are formed in a direction in which the Y
axis extends. Moreover, the bend sections 49ra and 49rb are
formed by etching (wet etching or dry etching) of the vibra-
tion element 20, using a photolithography technique. For
example, the bend sections 49ra and 49rb may be formed by
a process of half-etching the vibration element 20 from the
side of the main surface 20a to form recessed sections 49ra,
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and a process of half-etching the vibration element 20 from
the side of the sub-surface 205 to form recessed sections 49r5.
Note that the number of the bends 497a and 4975 provided in
the coupling sections is not limited to two as illustrated, but
may be suitably decided.

Other parts of the configuration are generally the same as
those of the vibration device 1 of the first embodiment
described above, and therefore their description is omitted.

According to the vibration device 2, the following effects
can beachieved. According to the vibration device 2, the bend
sections 49ra and 49756 in the coupling sections 49a and 496
are provided in the Y axis direction that is the thickness
direction of the vibration element 20, whereby damage to the
first connection sections 11a and the second connection sec-
tions 126 which may be caused by thermal expansion of the
semiconductor device 10 and the vibration element 20, and
damage to the vibration element 20 can be suppressed. There-
fore, according to the vibration device 2 (or the vibration
device 1), by providing the bend sections 497a and 4975 in the
coupling sections 49a and 4956 in either of the directions,
damage to the vibration device 2 can be suppressed, and
reliability in detecting acceleration and angular velocity can
be improved.

What is claimed is:

1. A vibration device comprising:

a semiconductor device;

a first electrode and a second electrode located in a first
surface of the semiconductor device;

a vibration element;

a third electrode and a fourth electrode located in a first
surface of the vibration element;

a first connection section that connects the first electrode
and the third electrode; and

a second connection section that connects the second elec-
trode and the fourth electrode,

the semiconductor device and the vibration element having
different thermal expansion coefficients,

the vibration element having a coupling section located
between the third electrode and the fourth electrode, and

the coupling section having at least one bend section
located between the third electrode and the fourth elec-
trode.

2. A vibration device according to claim 1, comprising a
first protruded electrode located between the first electrode
and the third electrode, and a second protruded electrode
located between the second electrode and the fourth elec-
trode.

3. A vibration device according to claim 1, wherein the
vibration element includes:

a vibration section;

a base section connected with the vibration section;

a support section that connects to a beam section

extending from the base, and where the third electrode is
located;

a fixed section that connects to the support section through
the coupling section, and where the fourth electrode is
located; and

at least one bend provided in a coupling section that con-
nects the support section and the fixed section.

4. A vibration device according to claim 1, wherein the
third electrode and the fourth electrode are arranged next to
each other in the vibration element.

5. A vibration device according to claim 1, wherein the
coupling section has the bend in a plan view of the vibration
element.
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6. A vibration device according to claim 1, wherein the
coupling section has the bend in a thickness direction of the
vibration element.
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